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(57) Abstract: An image display system comprising display means (3) for displaying a series of images (2) alone thcpsalh of u 
vehicle: lighting (19) for briefly illuminating individual images (2); a plurality of detectors (8,9) arranged to output measurements of 
the speed ol a passing vehicle; and a control unit (6) arranged to control the lighting to illuminate images successively as (fc vehicle 
passes at illumination timings based on speed measurements from the plurality of detectors. The control unit (6) is arranged t.o apply 
a systematic correction to the speed measurements from the detectors (8,9) based on a statistical analysis of the speed mcaur-crncnis 
from all the detectors (8,9), which can reduce drift and jitter. The control unit (6) includes a dynamics processing unit (50ia:rrangcd 
to perform non-linear predictive filtering of the speed measurements to produce an instantaneous estimate of the vehicle ^e^d. The 
control unit ((>) also includes a liming generator (60) operating asynchronously of the dynamics processing unit (50) and ar a nged to 
derive the illumination timings from the instantaneous speed estimate. 
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IMAGE DISPLAY SYSTEM 

The present invention relates to an image display system for displaying images to 
the passengers in a vehicle, for example a train. 

There have been prior proposals for image display systems of the type comprising a 
series of images displayed along the path of a vehicle and lighting for briefly illuminating 
individual images successively as the vehicle passes. The illumination is sufficiently brief 
to prevent blurring of the image due to the motion of the vehicle when viewed by a vehicle 
passenger. Illumination of successive images as the vehicle passes causes the viewer to see 
the images as a single continuous image at a fixed position relative to the vehicle due to 
persistence of vision, in the same manner as a television or cinema image. Such an image 
display system is useful for displaying adverts or written and diagrammatic information, for 
example about the next station on a train line. 

However, with such image display systems, it is difficult to illuminate the image in a 
stable position relative to the vehicle. There are practical difficulties in deriving sufficiently 
accurate illumination timings. In practical systems, it is difficult to overcome drift and jitter 
of the image. Drift occurs in the position at which successive images are illuminated 
relative to the vehicle such that the continuous image viewed by a passenger drifts away 
from its initial position, even to a position outside the field of view from a window. Jitter is 
movement backwards and forwards of the position at which successive images are 
illuminated relative to the vehicle and is perceived by a viewer as a random movement of 
the viewed image. Both drift and jitter are annoying to the viewer and reduce the quality of 
the viewed image because the eye is distracted from the image itself. Experience shows feat 
the spatial accuracy needed is of the order of 0.05% or better. This has prevented many 
prior proposals succeeding. 

The present invention isdirected to a system which provides sufficient accuracy in 
the illuminate timings, in particular allowing the problems of drift and/or jitter to be 
reduced. 

The present invention relates to an image display system using one or more 
detectors to output repeated measurements of the speed of a passing vehicle and a control 
means arranged to control the lighting to illuminate the images successively at illumination. 
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timings based on those repeated speed measurements. The aim is to update the 
measurements of the speed frequently over the time taken for the vehicle to pass the series 
of images. In principle, the illumination timings derived by the control means are at a rate 
proportional to the instantaneous speed of the vehicle (and the image spacing). A high 
5 update rate of speed information allows the illumination timings based on those speed 
measurements to track changes in the speed of the vehicle. Otherwise if the illumination 
timings are based on the wrong speed, drift of the illuminated image occurs. However, in 
practical image display systems, even with a high update rate drift and jitter are still 
problems. 

10 According to a first aspect of the present invention there is provided an image 

display system comprising: 

display means for displaying a series of images along the path of a vehicle; 
lighting for briefly illuminating individual images; 

a plurality of detectors located along the path of the vehicle and arranged to output 
15 timing signals as the vehicle passes; 

a memory for storing detector positions or relative positions; 

processing means for deriving from said timing signals and said stored positions the 
speed of the passing vehicle, the processing means being arranged to introduce a systematic 
correction into the derived speed on the basis of an analysis of outputs from the detectors for 
20 previously passing vehicles; and 

control means arranged to control the lighting to illuminate images successively as 
the vehicle passes, at illumination timings based on derived speed measurements. 

The first aspect of the invention allows jitter and/or drift to be reduced. In fact jitter 

and/or drift can be caused by inaccuracies in the speed measurement from the detectors. 

25 The first aspect of the invention is based on the principle that such inaccuracies are to an 

extent systematic in a given detector. Therefore asystematic correction of the speed 

measurements from that detector allow errors in all the speed measurements to be reduced. 

Preferably, the control means is arranged to apply, in respect of each one of plural 

detectors, a respective systematic correction to all the speed measurements from that one of 

30 the plural detectors. 

It has been appreciated that a major source of jitter in a system employing plural 
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detectors is that each d^^>r has its own unique systematic error, ^^efore, as successive 
measurements from different detectors are used, a different error is fed into the derived 
illumination timing. This causes the position of the illuminated image relative to the vehicle 
to shift depending upon from which detector the current speed measurements are taken. 
5 This causes jitter. By applying a respective systematic correction to all the speed 
measurements from respective detectors, it is possible to reduce this jitter. 

This is particularly advantageous where the at least one detector is arranged to detect 
the time taken for the vehicle to travel a predetermined distance. 

This type of detector is useful because of its low cost. However, this type of 

10 detector suffers from errors which arise through inaccurate knowledge of the predetermined 
distance which is time, either because of uncertainty in that distance or because of 
misalignment of the sensors used in the detectors. Errors caused in this way are unique to a 
given detector in a given system, but because they are systematic, the present invention 
provides a powerful way of removing those errors. 

I 5 According to a second aspect of the present invention there is provided A method of 

calibrating an image display system comprising a series of images disposed along the path 
of a vehicle, lighting for briefly illuminating individual images, a plurality of detectors for 
detecting the passage of a vehicle along said path, and control means responsive to the • 
outputs of said detectors and recorded positions of the detectors to control said lighting, th_e 

20 method comprising monitoring the outputs of said detectors during the passage of a plurality 
of vehicles, and using the results to adjust the recorded positions of the detectors to calibrate 
the system. 

Systematic errors may be derived by a method according to a third aspect of the 
present invention, comprising obtaining a plurality of speed measurements from the 
25 plurality of detectors; and performing a statistical analysis of the speed measurements fbnn 
the plurality of detectors to derive the systematic correction for at least one detector. 

This method is advantageous because it allows the systematic correction to be 
calculated specifically for each different installation of the image display system where the 
systematic errors will be unique to the detectors and the installation. Use of such a 
30 statistical analysis provides the derivation of systematic corrections with a great resilience? to 
measurement errors and provides the ability to compensate for long term effects such as 
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sensor ageing and alignment drift of the sensors in the detector . 

Desirably, the plurality of speed measurements are obtained over the passage of a 
plurality of vehicles. This increases the accuracy of the derived systematic corrections 
because a great deal of information is accumulated and the effect of random errors is 
5 reduced. 

The first aspect of the present invention may also be applied to a system in which 
the detectors include a speed detector arranged to output speed measurements continuously, 
such as a Doppler speed detector. Such speed detectors are advantageous because they 
maximise the update rate of speed measurements provided to the control means for deriving 

10 the calculation timings. The first aspect of the present invention allows the operation of the 
speed detector to be improved by additionally providing the system with at least one timing 
detector arranged to measure the time for the vehicle to travel a predetermined distance and 
by arranging the control means to apply a systematic correction to the repeated speed 
measurements from the speed detector based on the output from the at least one timing 

15 detector. 

Doppler speed detectors and other speed detectors arranged to output speed 
measurements continuously are inaccurate in absolute terms due to calibration difficulties 
and/or drift in its properties over time and with temperature. These inaccuracies can 
potentially prevent practical implementation in an image display system. However, 

20 according to the present invention, the inaccuracy may be removed by applying systematic 
correction based on the output from at least one timing detector. This is effective because 
the measurement from the timing detector is far more accurate and can effectively calibrate 
the measurement from the speed detector. As this occurs each time a vehicle passes, the 
calibration is responsive to drift in the response of the speed detector . 

25 According to a fourth aspect of the present invention, the control means includes 

processing means arranged to perform non-linear predictive filtering of the speed 
measurements. 

This aspect of the present invention allows the control means to use a better estimate 
of the instantaneous speed of the vehicle for deriving the illumination timings. This allows 
30 both drift and jitter to be reduced. As the filtering is predictive it particularly reduces drift of 
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the image when the speeKf the vehicle is changing. This is becaus^uch a predictive 
algorithm will have a lower group delay, so the estimated speed of the vehicle is more 
responsive to those changes in speed of the vehicle. In contrast, a filtering approach which 
is entirely reactive, whilst smoothing out some of the errors in the speed measurements, 
would be slow to respond to changes in speed of the vehicle because of a high group delay. 
This would cause drift in the position in the illuminated image relative to the vehicle as the 
filter speed measurement would change more slowly than the actual speed. 

Preferably the non-linear predictive filtering is performed by a state estimator. 

According to a fifth aspect of the present invention, the control means comprises 
processing means including a first unit arranged to process the repeated speed 
measurements to produce an instantaneous estimate of the speed of the vehicle and a second 
unit, operating asynchronously of said first unit, arranged to derive said illumination timings 
from the instantaneous estimate of the speed of the vehicle. Dividing the processing 
between the first and second units in this way partitions the processing task of the control 
means into orthogonal components which may be modelled, implemented and tested in 
isolation. This provides real benefits in designing and implementing the control means to 
provide greater accuracy in the derived illumination timings. This facilitates the reduction 
of jitter and drift of the illuminated image required from the vehicle. 

An embodiment of the present invention which embodies all the aspects of the 
present invention, which may themselves be applied in combination, is now given by way of 
non-limitative example with reference to the accompanying drawings, in which: 

Fig. 1 shows a front of an image display system which is an embodiment of the 
present invention. 

Fig. 2 is a view from above of the image display system of Fig. 1. 

Fig. 3 is a front view of an image display system having an alternative detector 

Li" ' 

arrangement. 

Fig. 4 is a view from above the image display system of Fig. 3. 
Fig. 5 illustrates the control unit of the image display system. 

Figs. 6 and 7 illustrate actual speed measurements obtained using the image display 
system of the present invention before and after filtering. 
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Fig. S is aside view of a display unit of the image display system. 

Fig. 9 is a cross-sectional view of the display unit of Fig. 8 taken along the line XI- 

XI; 

Fig. 10 is a circuit diagram of a capacitive discharge circuit for the lighting of the 
5 image display system; and 

Fig. 1 1 illustrates schematically a system for controlling the illumination of an 
image display system according to an alternative embodiment of the invention. 

Figs. 1 and 2 illustrate an arrangement of an image display system 1 which displays 
images 2 to viewers on a vehicle such as a train. The system 1 includes a series of images 2 
10 each mounted in a display unit 3 which has lighting ( described in more detail below) for 
briefly illuminating the mounted image 2. The images 2 are 
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of a suitable size toJ^een through a single 




window.of the vel 
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where the vehicle is a train. 

As illustrated in the front view of Fig. 1, the display units 3 are mounted at 
the height of the vehicle windows at successive positions along the path of the 
vehicle. For example as illustrated in Fig. 2, the display units 2 may be mounted on 
the walls 4 of a tunnel or a cutting through which runs a railway track 5. 
Alternatively free-standing display units could be used where there is no suitable 
mounting surface. 

Often the images 2 need to be fitted around obstacles along the path of the 
vehicle, such as alcoves in a tunnel. In this case, the gap between images 2 might 
increase, but this creates a minimal disturbance to the viewed image and simply 
alters the frame rate of the viewed image at that point in the series of images 2. 

The series of images 2 show a stationary or gradually changing image when 
viewed successively. The change may create motion in the viewed image, for 
example like the bouncing ball shown in Fig. 1, or may be a colour change or visual 
effect. The images 2 may show an advert or useful written or graphic information for 
example about the next stop for the vehicle. Successive image display systems 1 
may be used in sequence to display an image over an extended time. 

The image display system 1 further includes a control unit 6 which provides 
control signals to the lighting of respective display units 3 over respective control 
lines 7. The control unit 6 can control the illumination of a series of images 2 of any 
number. Although the image display system 1 is shown in Fig. 1 for clarity as 
having only four images 2, desirably the number of images 2 is large, typically 24, to 
reduce the number and hence cost of control units 6 for a long image sequence. 

The control unit 6 derives the appropriate illumination timings based on 
speed measurements obtained from a plurality of detectors 8, 9 over a signal line 10 
and is described in more detail below. 

The detector arrangement is as follows. 

A first detector 8 is mounted at the height of the body of the vehicle, at the 
leading edge of the series of images 2. The first detector 8 has a pair of sensors 1 1 
disposed a predetermined distance apart. The sensors 1 1 detect radiation from an 
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infra-red light-emitting diode source 12 disposed in the opposite side of the track 5. 
The source 12 provides respective beams 13 of radiation to the two sensors 1 1, so 
that the sensors 1 1 detect when a passing vehicle breaks the beams 13. The detector 
8 outputs on signal line 10 to the control unit 6 a signal representing the time 
5 difference between the two beams 13 being broken as a measurement of the speed of 
the vehicle. 

The first detector 8 is also used to provide a highly accurate positional 
reference. The output of the detector 8 is used by the control unit 6 as reference 
timing pulses for the front and rear of the vehicle. 

10 In addition, there are a plurality of further detectors 9 which have an identical 

instruction to the first detector 8 including sensors 1 1 a predetermined distance apart 
to sense respective beams 14 from respective infra-red light-emitting diode sources 
15 disposed on the opposite side of the track 5. The detectors 9 and sources 15 are 
mounted at the height of the wheels of the vehicle below the bogie structure of the 

1 5 vehicle, approximately 50 mm above rail level. The beams 14 are cut by the rims of 
successive wheels. The advantage of the further detectors 9 being at wheel-height is 
that they each obtain speed measurements from each of the wheels of the vehicle of 
which there are typically many. Therefore a few further detectors 9 can provide 
frequently updated speed measurements. The further detectors 9 output over signal 

20 line 1 0 to the control unit 6 a signal representing the time difference between the two 
beams 14 being broken as a measurement of the speed of the vehicle. 

The detectors 8, 9 provide accurate measurements of the speed of the vehicle. 
The only limit on this accuracy is the tolerance in the relative positioning of the 
sensors 1 1 and the relationship between the separation of the sensors 1 1 and the 

25 beam width which is itself controlled by the optics of the sensors 1 1 . 

However, the exact form of the detectors 8, 9 used is not essential. The 
guiding principle is to provide detectors which output speed measurements 
repeatedly over the passage of the vehicle past the series of images 2 so that the 
illumination timings derived by the control unit 6 are based on frequently updated 

30 speed measurements. 

The positions of the detectors 9 along the vehicle may be selected in any 



WO 02/21488 



PCT/G B0 1/04020 




manner and are n^^tricted to the positions shown in Fig. l^Pisirably the 

detectors S, 9 are arranged such that the maximum distance travelled by the vehicle 
between the speed measurements is less than 5 metres throughout the passage of the 
length of the vehicle. A single detector 9 will provide speed measurements during 
5 the passage of wheels on a bogie. Typically, the wheel spacing on -a single bogie is 2 

to 3 metres, but the gap between the bogies is typically greater than the desired 
^ minimum spacing of 5 metres. Therefore plural detectors are used. For a long 

vehicle, to minimise the maximum distance travelled by the vehicle between readings 
it is desirable to space the plural detectors by a spacing equal to the length of a 
1 0 carriage of the vehicle, over which the bogie structure repeats, divided by .the jiumber 
of detectors. 

Ideally several detectors 9 are spaced in front of the series of images to 
provide a lead-in during which the control means processes the speed measurements 
allowing proper operation of the filtering processes performed in the control means 6 9 
15 prior to illumination of the images 2. Furthermore, deployment of detectors 8, 9 at 
the beginning and at the end of the series of images 2 ensures that speed 
measurements are available throughout the passage of the entire length of the vehicle 
• past the entire length of the series of images 2. 

The detector 8, 9 could be positioned to detect any feature of the vehicle, 
20 typically cm the undercarriage or roof. 

Timing detectors like the detectors 8, 9 of the image display system 1 which 
measure the time for the vehicle to travel a predetermined distance are advantageous 
because of their low cost, but may take other forms. Instead of detectors having two 
sensors a predetermined distance apart, the detectors could have a single sensor 
25 arranged to detect two features of the vehicle itself which are a known predetermined 
distance apart, for example marking applied to the vehicle. The sources need not be 
arranged on the opposite side of the path of the vehicle, but could be arranged 
adjacent the sensors to detect reflected radiation. The use of infra-red radiation is not 
essential but is preferred to reduce the chances of false triggering and to prevent the 
radiation being visible. Instead of outputting a signal representing a time difference, 
the detectors could output pulses on detection of a feature of the vehicle which are 
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subsequently filtered to derive a speed measurement. - 

As an alternative to timing detectors, speed detectors which output speed 
measurements continuously are advantageous in terms of providing very frequent 
measurements. Examples of such speed detectors are Doppler speed detectors which 
5 use the frequency shift of reflected electromagnetic or acoustic waves or time-of- 
flight speed detectors which derive speed information from the time of flight of 
electromagnetic or acoustic pulses reflected from the front or rear of the vehicle. 

In general, the detectors can use a combination of technologies such that the 
effects of each supplement one another in providing speed measurements to the 

10 control unit 6. 

Figs. 3 and 4 illustrate a further image display system 16 employing an 
alternative detector arrangement from the image display system 1 of Fig. 1. Apart 
from the detector arrangement, the image display system 16 of Fig. 3 and 4 is 
identical to the image display system 1 of Figs. 1 and 2, so is not described again. 

15 The detectors of the image display system 16 include a first detector 17 which is 

identical to the first detector 8 of the image display system 1 of Figs. 1 and 2, so is 
riot described again. 

In addition, there is a further Doppler speed detector 1 8 positioned at the 
rearward end of the series of images 2. The Doppler speed detector 1 8 is a known K- 

20 band Doppler speed detector operating at around 24 GHz or alternatively an X-band 
detector operating at around 10.5 GHz. It uses the frequency shift of microwaves' 
reflected from the vehicle to output speed measurements continuously. The Doppler 
speed detector 1 8 faces along the path of the vehicle to provide continuous speed 
measurements as the vehicle passes the series of images 2. In fact, the measurements 

25 from the Doppler speed detector 18 has a low absolute accuracy but is calibrated by 
the control unit 6 using the output from the first detector 17 as described further 
below. 

Optionally a further Doppler speed detector could be used for example 
positioned at the front end of the series of images 2 facing rearwardly. 
30 The control unit 6 is illustrated in diagrammatic form in Fig. 5. 

The control unit 6 consists of two processing units, namely a dynamics 
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processing unit 5^ft a timing generator unit 60. The dynanfl^processing unit 50 
processes the speed measurements input on the single line 10 from the detectors 8,9 
and processes them to derive an instantaneous estimate of the speed of the vehicle. 
The dynamics processing unit 50 supplies the instantaneous estimate of the speed of 
the vehicle and a timing reference to the timing generator unit 60 which uses this 
information to derive illumination timings. The timing generator unit 60 outputs 
control signals to the respective display units 3 on the control line 7 at those 
illumination timings to cause illumination of successive images 2. 

The dynamics processing unit 50 and the timing generator unit 60 operate 
asynchronously, and are in fact implemented using separate processor systems. This 
separation of functionality between two units operating asynchronously separates the 
processing performed by the control means 6 into two components which may be 
modelled, implemented and tested in isolation. This simplifies the design of the 
control unit 6 which in turn provides real benefits in improving the accuracy of the 
illumination timings derived by the control unit 6. 

The dynamics processing unit 50 is now be described in terms of various 
function blocks, which may each be implemented by any suitable signal processing 
circuit. 

The speed measurements input to the dynamics processing unit 50 on control 
line 10 are first processed by a pre-processing block 51 which performs various types 
of signal processing. 

Firstly, the pre-processing block 51 performs pre-filtering of the speed 
measurements to remove noise. This is particularly advantageous in the case of 
measurements from a detector providing measurements continuously, such as the 
Doppler speed detection 18 of the image display system 16 of Fig. 3. In general, 
through the passage of the vehicle past the detectors, the signal-to-noise ratio 
changes. As there are no other moving components, this is due to multi-path 
reflections from the vehicle. In all cases the noise is at a lower frequency than the 
required signal as the angle of incidence to the vehicle is non-perpendicular. Non- 
symmetric and possibly non-linear filtering methods can use this knowledge in the 
implementation of a filter such as a phase-locked loop arranged to extract the main 
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data. In addition, allowance must be made for non-perpendicular incidence of the 
primary signal when the vehicle is nearby. 

In an alternative implementation in which the detectors simply output a pulse 
on detection of the passage of a feature of the vehicle, instead of outputting a time 
5 difference, the signal processing block 51 filters these pulses to extract the speed 
information. The filtering can take advantage of knowledge of the physical layout 
and dimensions of the features. 

Secondly, the pre-processing block 51 can apply a systematic correction to 
the speed measurements. The systematic corrections are applied by multiplying 

1 0 speed measurements by one or more correction factors, although correction could be 
applied in other ways. The correction factors are supplied by a calibration block 52 
which will be described in detail below. 

Firstly, an absolute correction factor is applied to all the speed measurements 
from all the detectors 8,9 to effect an absolute calibration of the speed measurements. 

15 Secondly, respective correction factors are applied to the speed measurements 

from different ones of the detectors 8,9. In this way, each of the detectors 8, 9 
receive its own systematic correction. This is particularly significant because each 
detector has its own unique systematic error which is unique to that detector 8, 9 and 
in general different for different installations of the image display system 1. For 

20 example such errors may arise through inaccurate knowledge of the predetermined 

distance arising through misalignment of the sensors 1 1 used in the detectors 8, 9." In 
the case of the further detectors 9 mounted at wheel height, vertical mis-alignment is 
a major source of such systematic errors. Such mis-alignment is caused by the 
mounting position of the further detectors 9 or by vertical movement of the vehicle or 

25 track on which it runs, because it causes the wheels of the vehicle to break the 

respective beams for T at different horizontal positions as the rim of the wheel is not 
vertical but at an angle because it is circular. As each detector 8, 9 has its own 
systematic error, speed measurements from different detectors can cause 
corresponding errors in the derived illumination timings, which will be seen as jitter. 

30 In fact, this can be the major source of jitter. However, by applying respective 

corrections which are specific to each detector, this jitter can be removed or at least 
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reduced. 

The pre-processing block 5 1 outputs the pre-processed speed measurements 
to a filter block 53. The pre-processing block 51 also outputs reference timing pulses 
which are supplied directly to the timing generator unit 60 as a timing reference in 
deriving the illumination timings. The timing reference pulses are preferably the 
output of the first detector 8 caused by the front and rear of the vehicle as it arrives at 
the image display system 1 . 

The filter block 53 filters the pre-processed speed measurements to produce 
an instantaneous estimate of the speed of the vehicle which is subsequently fed to be 
the timing generator unit 60. 

The filter block 53 is a non-linear predictive filter, in fact a state estimator 
such as a Kalman, MiniMax or other hybrid combination, although other non-linear 
predictive filtering algorithms could be used. The state estimation is based on a state 
vector 54 containing the values of the current position, velocity and acceleration of 
the vehicle. The filter block 53 uses a predictive algorithm to derive. an instantaneous 
estimate of the speed of the vehicle from the speed measurements. The algorithm 
relies on known factors about the vehicle, including Newtonian equations of motion, 
conditions that there is no discontinuity of position or velocity, and conditions on tie 
changes in acceleration being within predetermined limits and expected 
characteristics. 

As an alternative, the filter block 53 could be implemented by a linear filter 
instead of a non-linear predictive filter. However, such a linear filter can only be 
responsive to the speed measurements and whilst the response is deterministic it is 
only possible to minimise group delay at the expense of instability. Therefore, a non- 
linear predictive filter is preferred because it gives an improved group delay, so the 
estimated velocity is more responsive to changes in speed of the vehicle. 

The estimated speed of the vehicle output by the filter block 53 is fed to the 
timing generator unit 60 through a low-pass filtering block 55. Inevitably, absolute 
accuracy of the estimated speed is impossible, in particular as the vehicle accelerates 
or decelerates in an unpredictable manner. The low-pass filtering block 55 has a 
response characteristic which controls the estimated speed in this case. Its low-pass 
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filtering characteristic is selected to reduce high frequency jitter, although this must 
be balanced against the need to minimise group delay. 

The timing generator unit 60 will now be described. 
The fundamental operation of the timing generator 60 is to derive 
5 illumination timings appropriate to cause illumination of successive images at a fixed 
position relative to the vehicle. This is done based on the estimated speed of the 
vehicle derived by the dynamics processor unit 50 based on the speed measurements. 
It is also based on the reference timing pulse 50. At the appropriate illuminations 
timings, the timing generator 60 outputs a control signals to the respective display 
1 0 units 2 over the control lines 7 through an array of driver circuits 70 arranged to 
convert the digital control signals to a sufficient level. 

In order to illuminate successive images 2, the timing generator unit 60 takes 
into account the positions x { of the images 2 relative to a display system reference 
position, namely the position of the first detector 8. By storing the image position X; 
1 5 accurately, it is possible to control the: timing for each image 2 of the series to-be 
illuminated at an identical position relative to any given window. This prevents 
sideways shifting of the viewed image from one image to the next. 

The image position x f axe represented by a bit pattern known as the "image 
map". Individual bits of the image map represent the presence or absence of an 
20 image 2 at positions a constant predetermined spacing r apart. For example if the 
image map was 00101001, then this would represent the presence of images at 
positions Xj= 3r, 5r and 8r. 

As the control unit 6 illuminates the series of images for different windows of 
the vehicle, the timing generator unit 60 also takes into account the positions x w of 
25 each window relative to a vehicle reference feature on the vehicle, namely the front 
of the- vehicle which is detected by the first detector 8. 

The respective window positions x w are represented by a bit pattern known as 
the "vehicle map". The individual bits of the vehicle map represents the presence or 
absence of a window at the positions predetermined spacing r apart. For example, if 
30 the vehicle map is 10100101, this would represent the windows being at positions x w 
= r, 3r, 6r and Sr. 
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The image^^ and vehicle map are stored in a memor^J^the timing 
generator unit when the image display system 1 is installed. 

The timing generator unit 60 starts operating on receipt of a reference timing 
pulse indicating detection of the vehicle reference feature, ie. the front of the vehicle. 
Then the vehicle map and image map are used to derive the illumination timings in 
real time by relatively shifting the bit patterns at a rate proportional to the estimated 
speed of the vehicle output from the dynamics processing 50 and inversely 
proportional to the predetermined spacing r. Illumination timings are derived by 
recognising coincidence of respective bits of the image map and vehicle maps which 
occurs when the corresponding window and image are adjacent one another. The 
control signals are output on the corresponding control line 7 when this coincidence 
occurs. This is achieved by shifting the image map along a shift register at a 
predetermined shift timing t. based on the instantaneous estimate of speed v 
according to the equation: 

ts = r/v (1) 
Each shift of the shift register has the effect of integrating the inverse of the 
velocity over units of the spacing r. The image map is used to map individual bit 
positions of the shift register to respective images 2. This is achieved by the image 
map being used to switch the positions of the shift register to respective control line 7 
for the corresponding image 2. The bits of the shift register at which the image map 
indicates the presence of image are output as the control signal. Therefore the shift 
register automatically creates control pulses in real time on the control lines 7 at the 
correct illumination timings. The shift register is a desirable way to achieve this 
because it allows the timings to be derived with a minimum amount of processing 
power, as well as handling the supply of simultaneous control signals to different 
images 2, because the bits are supplied from the shift register along the control line 7 
in parallel with one another. 

The size of the predetermined spacing r is the resolution of the image map 
and vehicle map. Any value for the predetermined spacing may be chosen depending 
on the requirements for display on the vehicle and the side for the image display in 
question. In general, it is desirable to use a small predetermined spacing to avoid 
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restriction on the positioning of the display units 3. This has the overhead of 
increasing the length of the bit patterns constituting the vehicle map and tunnel map, 
but such long bit patterns are easily handled by the timing generator 60. 

The timing generator unit 60 also derives synthetic reference pulses for the 
5 reference features of the vehicle, namely the front and rear of the vehicle. The 
synthetic reference pulses are output to the calibration block 52 of the dynamics 
processing unit 50 for use in calibrating the system as described in detail below. The 
synthetic reference pulses are derived in exactly the same manner as the control 
pulses for the lighting output on the control lines 10. Therefore the period between 
1 0 the synthetic reference pulses is the time for the vehicle to travel a distance equal to 
the difference between the reference features as estimated using the same processing 
as is used to derive the illumination timings. 

The timing generator unit 60 is implemented by a microprocessor running an 
appropriate program. 

1 5 The timing generator unit 60 could in fact derive the illumination timing in 

many different ways. The illumination timings may be calculated using a 
microprocessor using numerous different algorithms. If the image spacing is 
constant, no image map is necessary. Similarly, the vehicle map is unnecessary if the 
images are positioned at a fixed spacing relative to the vehicle. In this case, the 

20 illumination timings must simply be derived at a rate inversely proportional to the 
speed, so may be derived by a frequency generator the frequency of which is based 
on the estimated speed. 

Whilst it is desirable to store an image map and vehicle map to allow the 
system to adapt to different installations and vehicles, this information may instead 

25 be implicit in the algorithm used by the timing generator unit 60. 

The operation of the calibration block 52 is now described. The calibration 
block 52 is implemented by a microprocessor running an appropriate program. The 
calibration block 52 performs various operations for the purpose of calibrating the 
dynamics processing unit 50. 

30 The calibration block 52 receives and stores speed measurements output from 

the pre-processor 50, although it could equally use the raw speed measurements 



WO 02/2 1 48X 



PCT/GB01/04020 



output directly fron^^detectors S, 9. 

The calibration block 52 analyses the speed measurements. This analysis is 
performed off-line, that is between the passage of vehicles. This allows the analysis 
to be based on an entire set of speed measurements from a passing vehicle. It also 
5 allows the analysis to be based on speed measurements from plural vehicles. Thus 
these points improve the quality of the analysis. 

The first process performed by the calibration block 52 is applicable to the 
image display system 1 of Fig. 1 any image display system having a plurality of 
detectors. The first process is to calculate a respective correction factor for each of 

1 0 the respective detectors S, 9. Each calculated correction factor is supplied to the pre- 
processing block 51 where they are used to apply systematic corrections to the speed 
measurements from the corresponding detectors 8, 9, as descried above. 

The basis for the calculation performed in the first process is as follows. A 
typical set of speed measurements are shown in the graph of Fig. 6 in which the 

1 5 . vertical axis shows the speed in metres per second and the horizontal axis shows time 
in seconds. These measurements were taken by an image display system in 
accordance with Fig. 1 having eight wheel-height detectors 9. The speed 
measurements for each detector is plotted by a different symbol. As the vehicle has 
eight wheels, there are eight speed measurements from each detector. 

20 The speed measurements exhibit systematic and random errors. An exampl 

of a random error is the abnormally high value of the first measurement denoted by 
cross (the third measurement overall). Such random errors are removed by the 
filtering performed in the filter block 53. 

More significantly, the measurements from each detector exhibit an error 

25 which is systematic to that detector. For example, looking at the right hand side of 
the graph, the final measurements from the detector denoted by circles are generally 
high, whereas the measurements from the detector denoted by crosses are generally 
low. If such systematic errors are not removed, this causes significant jitter of the 
illuminated image, because the error in the speed measurements causes a 

30 corresponding error in the illumination timings and hence the position of the 
illuminated image relative to the vehicle. Therefore jitter is produced as the 
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illumination timings are based on successive speed measurements from a different 
detector having a different systematic error. The first process derives calibration 
factors intended to reduce this systematic error. Thus the first process is to calculate 
a correction factor that fits the speed measurement from that detector to all the speed 
measurements from all the detectors, using a statistical analysis. 

Firstly, the speed measurements are filtered using a classical smoothing filter 
such as a Gaussian or polynomial least squares fit. An example of this for the 
example data set of Fig. 6 is shown by the solid line. Preferably a Gaussian kernel is 
used to compute a locally weighted average v f over adjacent samples v m according to 
the equation: 



Subsequently the correction factor is calculated as the mean of the actual 
speed measurements to the filtered speed measurements at the same time. 
Preferably, the geometric mean is calculated. From the speed measurements from 
the passage of a single vehicle, the correction factor CF S for the sensor s which has n 
.measurements available at times tj (where j = 0,l...,n) is calculated as the geometric 
mean according to the equation: 



From the measurements from the passage of k vehicles, the correction factor 
CFP S for the sensor s is calculated from the correction factors CF S calculated in 
equation (3) according to the equation: 



Vf(t) = G(Vm(t)) 



(2) 





The correction factors CFP S for each sensor are supplied to the pre-processing 
block 51 which uses them to apply systematic corrections to all the speed 
measurements from the respective detector 8, 9. This significantly reduces the jitter 
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between the speed retirements from different detectors and <j^irly reduces the 
jitter in the position of the illuminated image relative to the vehicle. This is apparent 
from the graph in Fig. 7 which shows the speed measurements of Fig. 6 after 
multiplication by the respective correction factors. As can be seen, the systematic 
correction fits the speed measurements from each sensor to the filtered speed profile 
derived from all the speed measurements, shown by the continuous line. 

The benefits in performing this first process off-line are as follows. Firstly, 
the filter function is more effective as it uses future and past measurements which is 
of course impossible in real-time when only past measurements are available. 
Secondly, it allows the use of speed measurements from the passage of plural 
vehicles. This provides greater resistance to non-systematic errors, because these are 
random and uncorrelated between the passage of different vehicles. The first process 
could be applied to any image display system having a plurality of detectors or to one 
or more detectors (ie not all the detectors) known to be less accurate. 

The second process performed is applicable to the image display system 16 of 
Fig. 3 including a Doppler unit IS. 

The basis for the second process is as follows. A speed detector outputting 
speed measurements is continuously desirable because it allows the control unit 6 to 
respond to changes in the speed of the vehicle when deriving illumination timings 
which hence in its drift in the position of the illuminated image relative to the 
vehicle. In fact the outputs from the Doppler speed detector 18 or other speed 
detectors can also provide very accurate measurements of the speed relative to one 
another, but in absolute terms the speed measurements are not particularly accurate 
and drift over time due to thermal drift and ageing of the circuitry. 

This problem is overcome by multiplying all the speed measurements from 
the Doppler speed detector 1 8 by a correction factor which has the effect of 
calibrating those speed measurements to be accurate in absolute terms. The second 
process calculates an appropriate correction factor based on the speed measurements 
from the Doppler speed detector 18 and outputs from the timing detector 17 which 
measures the time taken for the vehicle to pass a predetermined distance. In the 
second process, the calibration block 52 uses the output of the detector 1 7 from the 
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front and rear of the vehicle as timing pulses between which the vehicle travels a 
predetermined distance, namely the length of the vehicle. Alternatively, it could use 
the outputs from each sensor 1 1 of the timing detector 1 7 between which the vehicle 
travels a predetermined distance equal' to the spacing between the sensors 1 1 , but this 
5 provides less accurate calibration. 

The second process is as follows. The speed measurements from the Doppler 
speed detector 1 8 are integrated over the period of time between the timing pulses. 
This integral gives a measured value x of the distance travelled by the vehicle based 
on the output of the Doppler speed detector 18. Then the correction factor F 
1 0 necessary to adjust the measured value x to the actual value of the predetermined 
distance d is calculated according to the equation: 

F = d / X (5) 
This correction factor F is thus the correction factor by which the speed 
measurements must be multiplied to calibrate them. The calibration block 52 
15 calculates correction factors F over the passage of plural vehicles and obtains a mean 
correction factor which is supplied to the pre-processing block 51. 

The second process may be applied to any detector arrangement including a 
speed detector outputting measurements continuously and another detector used to 
calibrate them. 

20 A third process performed by the calibration block is to calibrate an absolute 

correction factor to be applied to all the speed measurements output from all the 
detectors 8, 9 to calibrate the control unit 6 as a whole. To achieve this, the 
calibration block 52 receives timing reference pulses from the detector 8 (or 17) on 
detection of reference features of the vehicle, namely the front and the rear. The 

25 calibration block 52 also receives synthetic reference pulses derived from the timing 
calculation unit 60 representing the timing of the reference features derived by the 
processing of the control unit 6. The period between' the timing reference pulses is 
the actual time taken by the vehicle to travel the distance between the reference 
points, ie. the length of the vehicle. The period between the synthetic reference 

30 pulses is equal to the estimated time for the vehicle to travel between the reference 
points as estimated by the calculation process performed in the control means 6. 
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This is equivalent tc^distance between the reference points d^ed by an integral 
of the inverse of the estimated velocity output by the dynamics processing unit 50 
between reference points stored in the timing calculation unit 60. When the control 
means is calibrated, these periods should be equal, but otherwise they will be 
different. The ratio of the periods between the timing reference pulses and the 
synthetic reference pulses is calculated because it represents the fractional error in the 
estimated time as compared to the actual time between the reference points. The 
ratio is averaged over the passage of plural vehicles. The mean ratio is supplied to 
the pre-processing block 51 which uses it as a correction factor for all the-speed 
measurements output by all the detectors. 

A fourth process performed by the calibration block 52 is to perform a 
statistical analysis of all the speed measurements to derive statistical parameters for 
use by the filter block 53. The non-linear predictive filtering processing performed 
by filter block 53 uses statistical parameters for estimation and measurement noise. 
Appropriate selection of the statistical parameters can improve the operation and 
performance of the filtering. The fourth process is to derive these statistical 
parameters from the speed measurements. 

Firstly the correction factors for the individual sensors calculated in the first 
and second processes are statistically analysed to obtain the variance of the 
measurement noise, both across the system as a whole and specific to each individual 
detector. 

Secondly, the variance of the estimation error is derived from the measured 
values v m of the speed measurements and the filtered values v f derived in the first 
process. This variance E may be calculated from p speed measurements by the 
equation: 



p 



E = 2, ( v -(tj) " vr(tj)) 



The variations of the measurement error and the estimation error are fed to 
the filtering block 53. The filtering block 53 uses these variants to control the 
filtering process. 
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The display units 3 and lighting are now described. 
Each display unit 3 houses a capacitive discharge circuit 1 8 which fires 
lighting 19 to illuminate the image 2 in that display unit 3. The form of the 
capacitive discharge circuit 18 and the lighting 19 are described in detail below. 
5 Each of the control lines 10 is connected to and triggers the capacitive discharge 
circuit 18 of a single display unit 3. 

The display unit 3 is illustrated in Figs. 8 and 9. The base of the display unit 
3 is performed by an open-topped box 20 formed from sheet-metal or other material 
which is mounted in any orientation to a mounting surface adjacent the path of the 
1 0 vehicle. The open surface of the box 20 is covered by a transparent base sheet 21 of 
glass. The image 2 is printed transparency positioned on the base sheet 21. The 
display unit 3 has a hinged frame 22 supporting a transparent cover sheet 23 of glass. 
The frame 22 is openable (to the position shown in Fig. 8) to allow removal and 
insertion of an image 2 and closable to hold the image 2 sandwiched between the 
■ 1 5 base sheet 21 and cover sheet 23. 

Although the above described form of display unit 3 is preferred for 
simplicity and ease of changing/the images 2, alternative forms of display unit may 
also be used. For example, the display units could be constituted by an LCD display 
or other controllable to show a selectable image 1. This would have the advantage of 
20 avoiding the need to physically change mounted images. Preferably, the LCD 

display would be illustrated by backlighting as described above. Currently the cost 
of LCD displays would be prohibitive but the system is technically feasible and the 
cost is likely to reduce to an acceptable level. 

Another alternative is to use a front-lit poster. However, it is preferable to 
25 use backlighting because in the unlit state a transparency reflects less ambient light 
and is darker than a poster, particularly outdoors. This means the unlit transparency 
will be less visible and will not affect the viewed image. 

The images may instead be projected by an optical system from a small 
transparency onto the face of the display unit which acts as a screen. This has the 
30 advantages that no image at all is visible when the lighting is off and that the image 
may easily be changed. However an optical system of appropriate quality is 
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expensive and it is ^^ult to obtain images of sufficient quali^ 

Within the display unit 3, the capacitive discharge circuit 18 is formed on a 
printed circuit board 24 mounted to the base of the box 20. The capacitive discharge 
unit 1 S causes the lighting 1 9 to be illuminated for a period of time sufficiently brief 
to prevent blurring of the illuminated image 2 when viewed from the vehicle. In 
effect, the image 2 is perceived by the viewer to move by an amount equal to the 
speed of the train multiplied by the period of the illumination and this movement can 
blur the viewed image 2. Therefore the period must be short relative to the speed of 
the vehicle preferably of the order of 1ms or less, preferably 0.5ms or 0.1ms or less. 

The level of illumination must be sufficiently high to make the image 2 . 
visible despite the brief period of illumination. The image display system will work 
in any ambient light conditions, including daylight, provided the illumination is 
sufficiently intense relative to the ambient light. Therefore, the intensity of the 
lighting is selected to be sufficient for the ambient light where the system is to be 
•used. 

To meet these requirements, the lighting consists of at least one xenon 
discharge lamp 19, although other gas discharge lamps or strobe lamps could be 
used. In fact, four xenon discharge lamps 19 mounted, both physically and 
electrically, to the printed circuit board 24. The discharge lamps 19 are spaced 
around the periphery of the printed circuit board 24 to spread the light generated by 
the discharge lamps 19 across the rear face of the image 2. 

The capacitive discharge circuit 18 is designed to meet the above 
requirements for brief, bright illumination, as follows. The circuit diagram of the 
capacitive discharge circuit 18 is illustrated in Fig. 10. For clarity, the circuit 
diagram of Fig. 1 0 shows only a single discharge lamp 1 9, whereas in fact all the 
circuit elements shown in the dotted line in Fig. 1 0 are replicated for each discharge 
lamp 1 9 in parallel with one another. 

Each discharge lamp 1 9 has two discharge capacitors, in particular a main 
discharge capacitor C3 and an attack discharge capacitor C2. The main discharge 
capacitor C3 is a substantial electrolytic capacitor (typically 33 to 100 uF and 
preferably 68 uF) which provides the main energy source for the discharge that lights 
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the discharge lamp 19. The main discharge capacitor C3 has a low internal resistance 
and is formed to withstand the high current impulse requirements during discharge. 
The attack discharge capacitor C2 is a smaller device (preferably 0.1 or up to, say, 1 
uF) which is non-electrolytic and has a very low internal resistance and inductance 
for the purpose of providing a faster attack to the flash dynamic characteristics. The 
discharge capacitors C3 and C2 are connected in parallel with the xenon discharge 
lamp 19. 

The control line 7 is connected to a control terminal 25. The control signal 
from the control unit 6 is supplied from the control terminal 25 to a thyristor TH1 
through a first optocoupler Ol of a conventional transistor type. The thyristor TH1 
forms part of a triggering circuit together with a resistor R2, a capacitor C4 and a 
transformer Tl connected in a conventional manner to provide an EHT trigger pulse 
to the discharge lamp 19, thereby to trigger discharge of the discharge capacitors C3 
and C2 through the lamp 19. 

The capacitive discharge circuit 18 further includes a charging circuit for 
charging the discharge capacitors C2 and C3 from an AC 240V mains supply 
connected to a pair of terminals 26. The charging circuit includes a bridge, rectifier 
Dl to rectify the mains supply and provide a rectified DC supply across positive and 
negative supply rails 27 and 28. The rectified DC supply is supplied to the discharge 
capacitors C2 and C3 through a diode D2 and an inductor LI in series with the 
discharge capacitors C2 and C3. The inductor LI is a conventional fluorescent tube 
choke type. The ability to use this type of inductor would provide significant cost 
saving as it is far cheaper than any other type of inductor of a comparable size. 

A switch SI, in the form of a transistor switch which may be implemented by 
bipolar or MOSFET transistors, is connected in series with the inductor LI. The 
switch SI has the purpose of disconnecting the discharge capacitors C2 and C3 and 
the lamp 19 from the supply when the lamp 1 9 is triggered. Therefore, the switch SI 
is switched on the inverse phase of the control signal supplied to thyristor TH1 by 
supplying the control signal from the terminal 25 to the switch Si through a second 
occocoupler 02 normally of a conventional transistor type. This prevents current 
from passing directly to the lamp from the supply during illumination of the 
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discharge lamp 19. prevents the duty cycle of the supply imposed on the 

output of the strobe lamp and prevents the lamp 19 from entering a harmful mode of 
operation. 

In addition, the mains supply is fed to the bridge rectifier Dl through a 
5 resistor Rl , and there is a reservoir capacitor CI connected between the positive and 
negative supply rails 27 and 2S. The current limiting resistor Rl and the reservoir Cl 
are optional, for reasons discussed below. 

The operation of the capacitive discharge circuit IS will now be described. 
After the mains supply is applied, current passes through the diode D2, 
1 0 inductor LI and switch SI to charge the discharge capacitors C2 and C3 until the 
voltage prevents current flow through the diode D2. Under normal conditions this 
voltage is in the range of 270V to 400V. This is the quiescent condition of the 
capacitive discharge circuit 18. 

When the control signal is supplied to the control terminal 25, the discharge 
15 lamp 19 is triggered causing the charge on the discharge capacitors C2 and C3 to 

discharge through the lamp 19 creating the brief period of illumination required. Of 
course, all four strobe lamps 19 are triggered at the same time. During this time, the 
switch SI is switched off by the control signal, thereby disconnecting the supply 
from the lamp 1 1 so that the oniy current flowing through the lamp 1 1 is the 
20 discharge current from the discharge capacitor C2 and C3 . 

Immediately after the trigger is removed, the switch SI closes and the 
discharge capacitor C2 and C3 are charged via the inductor LI . The use of the 
inductor LI in the charging circuit provides a number of advantages, as follows. The 
charging characteristics are determined by the predominantly LC circuit formed by 
25 the combination of the inductor LI with the discharge capacitors C2 and C3. The 
resultant LC charge curve is characterised by the initial part of the sine curve. 
Accordingly, the charge time to peak voltage is quick but without creating an 
excessive charging current. Control of the charging current is important as an 
excessive charging current may damage components. The charging current is 
30 proportional to the slope of the charge curve because it is equal to the total 

capacitance of the discharge capacitors C2 and C3 multiplied by the rate of change of 
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voltage. The LC charge curve 20 is nearly linear over the charging. This contrasts 
with the charging of a conventional capacitive discharge circuit through a resistor 
which will have an RC characteristic. The use of an inductor in the charging circuit 
adds an improved balance between obtaining a fast charge time without creating an 
excessive charging current. 

In addition, the provision of the inductor LI means that current is limited by 
the reactance of the inductor LI, rather than by a resistive element, so there is less 
energy wastage. 

Furthermore, the use of the inductor LI allows the energy stored in the 
inductor LI to be fed forward to the discharge capacitors C2 and C3 in order to 
increase the operating voltage of the system as a whole. This reduces the size of the 
discharge capacitors C2 and C3 required for a given output energy. As the energy is 
directly proportional to the capacitance of the discharge capacitors, but proportional 
to the square of the voltage, this allows for far smaller capacitors and therefore 
produces significant cost savings. 

To utilise the energy stored in the inductor in this way, the charging circuit 
includes the reservoir capacitor CI connected across the supply and therefore in 
parallel with the series assembly of the discharge capacitors C2 and C3 and the 
inductor LI. The reservoir capacitor CI is a large electrolytic capacitor (preferably 
220 uF) having a capacitance significantly larger than the discharge capacitors C2 
and C3 which conversely have a lower capacitance than if the reservoir capacitor CI 
were omitted. The reservoir capacitor CI filters the rectified DC supply voltage and 
provides a filter peak DC voltage which is higher than the RMS mains value. 

During operation, the magnetic energy stored in the inductor Ll is fed 
forward to the discharge capacitors C2 and C3 during the charging cycle which has 
the effect of more rapid recovery of the reservoir capacitor CI and the discharge 
capacitors C2 and C3, and also maintains a higher overall voltage across the 
discharge capacitors C2 and C3. 

In this arrangement, the current- limiting resistor Rl is provided in series with 
the AC supply to stop the in rush current to the reservoir capacitor CI being 
excessive at power up and during operation. Optionally, a small capacitor (not 
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shown) of say 100 [i^Pty be connected in parallel with the recflHrDl on the input, 
unrectified side. 

Tlie provision of the reservoir capacitor CI and resistor Rl is preferred for 
modes of operation where the lamp 19 will operate at a high frequency, for example 
5 above about 15Hz. However, at lower flash rates, it is not necessary to provide the 
reservoir capacitor CI, thereby providing a cost saving. In this case, optocoupler 02 
is preferably an opto-triac which is switched on to disable the switch SI . This has 
the advantage that the switch SI is the only re-enabled at the zero crossing point of 
the mains cycle. This gives a soft start and hence removes the need for the current 

10 limiting capacitor Rl which improves energy efficiency. 

Numerous modifications may be made to the capacitive discharge circuit 1 0 
illustrated in Fig. 10, as follows. 

In place of separate optocouplers Ol and 02, a single optocoupler (either a 
transistor circuit or an opto-triac) may be used both to trigger the strobe lamp 1 1 and 

1 5 to. control the switch S 1 . Preferably, the single optocoupler is arranged to connect a 
further charged capacitor (not shown) to the gate of the thyristor TH1 when switched 
on, in order to pulse the control signal applied to the thyristor TH1 . The further 
charged capacitor may be connected directly to the control input of the switch SI . In 
this case a further resistor will be arranged in series in the line from the charged 

20 capacitor to the thyristor TH1 to provide an appropriate time constant to the pulse. 

For example, the further capacitor and further resistor may have values of 10 nF and 
1.5 kQ, respectively. The further capacitor then remains discharged whilst the 
optocoupler is on, thereby disabling switch SI in the usual manner. For charging, 
this further capacitor may be connected in series with a larger resistor (of say 1 50 

25 kQ) between the positive and negative supply rails 27 and 28, so that the rectified DC 
supply smoothed by the reservoir capacitor CI charges the further capacitor through 
the larger resistor. Preferably the voltage on the further capacitor is limited for 
example by a Zener diode. Pulsing the supply to the thyristor TH1 has the advantage 
that the thyristor is not held on. This modification requires that the common terminal 

30 of the transformer Tl should be tied to the negative rail 28 rather than to the cathode 
of the strobe lamp 1 1 as illustrated in Fig. 10. 
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The unsmoothed supply voltage may be connected., through an appropriate 
diode and resistor, as an additional supply to the optocouplers 01 and 02 (or single 
optocoupler if used) and/or to the thyristor TH1 to ensure that these devices can 
never remain locked on if a fault in the circuit occurs. 

Instead of providing the resistor R2, capacitor C4 and transformer Tl 
separately for each strobe lamp 1 1, a common trigger circuit may be used to trigger 
the strobe lamp 1 1, or the resistor R2 and capacitor C4 may be provided in common 
for all four strobe lamps 1 1, to feed respective transformers Tl. 

For safety, large resistors (of say 330 kH) may be connected in parallel with 
the discharge capacitors C2 and C3 and with the reservoir capacitor CI to allow 
leakage of the charge stored on these capacitors when the capacitive discharge circuit 
1 0 is disconnected from the mains AC supply. 

Lastly, an additional diode (not shown) may be connected with its anode to 
the node between the switch SI and the inductor LI and its cathode to the positive 
supply rail 27. The operation of such a diode only becomes significant if the 
operating frequency becomes higher than anticipated in which case the switch is 
turned off before the capacitors have fully recharged. In this situation, such a diode 
will prevent damage to the switch due to over- voltage. It also has the advantage of 
feeding the excess energy from the inductor LI back to the reservoir capacitor CI. 
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With reference to Fl ^^ 11, an alternative embodiment of the^^ntion will now be 
described. This embodiment relies upon a similar arrangement of sensors as described 
with reference to Figure 1, so the sensor arrangement will not be described in detail 
again. This embodiment stems from the understanding that a critical source of error in 
5 an image display system of the type described here, results from an inaccurate 
knowledge of the positions of the sensors and the movements (e.g. up and down) of the 
vehicle relative to the sensors during the passage of the vehicle. Whilst there is a 
tendency to try to reduce this error by positioning the sensors with ever greater 
accuracy, this alone will not result in a sufficiently accurate illumination of the images 
1 0 to avoid the imprecise positioning and drift of the image. 



The system can be sub-divided into two separate units (indeed these may be physically 
separate): a processing unit 100 and a timing control unit 101. The processing unit 100 
receives timing pulses produced by the various sensors 8,9. The processing unit 100 

15 has a memory in which are stored the relative positions of the sensors 8,9, and a 
prediction algorithm block 103 for calculating the current speed of a vehicle based upon 
the time spacing observed between timing pulses produced by any two adjacent sensors 
8,9, and the spacing between the '.two sensors derived from the values stored in the 
memory. From a sequence of timing pulses received from the sensors, the prediction 

20 algorithm block 103 will generate a sequence of speed measurements. By 
differentiating the speed measurements over time, the prediction algorithm block 103 is 
also able to generate the acceleration of the vehicle. Both speed and acceleration 
measurements are passed to the timing control unit 101 via a state vector bock 104. The 
state vector passed to the timing control unit 101 may also comprise a position which 

25 may for example be the trigger for commencement of the operation of the display, i.e. it 
indicates when the front of the vehicle has arrived at the first detector. 



In order to further remove errors from the system, a (simulated) position may be fed 
back from the timing control unit 101 to a calibration model block 102. This block 102 
30 also receives timing signals from the sensors S,9 which indicate the true position of the 
vehicle. As a result of a comparison of the simulated and true positions, correction 
signals can be passed to the prediction algorithm block 103 causing the speed to be 



29 



WO 02/21488 



PCT/G BO 1/04020 



increased or decreased to synchronise the simulated and true vehicle positions (this may 
be done gradually to ensure a smooth transition). 

The timing control unit 101 relies upon a tunnel digital representation and a train digital 
5 representation to generate signals for illuminating the images 2 following the initial 
detection of a train. As described above, the representations each comprise a sequence 
of Ts and O's to represent images and vehicle windows. The representation are shifted 
relative to one another at a speed and acceleration provided by the processing unit 100, 
and at each step are ANDed: only if the result is a 1 is a signal is sent to illuminate a 
10 corresponding image 2. Of course alternative schemes can be envisaged, for example 
using a compressed representation where a sequence of successive O's-(or-rs) is 
represented merely by the number in the sequence. 

The processing unit 100 and the timing control unit 101 operate asynchronously of one 
15 another. That is to say that the timing control unit 101 will continue to shift the 
representations relative to one another and generate illumination signals based upon the 
last received speed and acceleration measurements, and does not interrupt its operation 
to wait for an updated speed or acceleration value. Of course, when a new speed or 
acceleration value is provided by the processing unit 100, the timing control unit 101 
20 will adjust the rate at which the representations are shifted. This is a significant feature 
of the embodiment as it reduces the time criticality of the operations carried out by the 
processing unit 100: i.e. the processing unit 100 does not need to update or generate 
speed and acceleration values at fixed intervals (synchronised to the clock rate of the 
representations shifting operation carried out by the timing control unit 101). 

25 

The sensor positions stored in the memory 102 are determined based upon the physical 
positions of the sensors 8,9 and an analysis of the outputs of the sensors as vehicles pass 
alon^ the track. Typically, during a setting-up phase, the physical positions of the 
sensors as measured are stored in the memory 102. A first vehicle is run along the 
30 track past the sensors. The speed measurements produced by the prediction algorithm 
block 103 are statistically analysed and corrected for systematic errors (which might 
result for example from the an inaccurate knowledge of the positions of the sensors, or 
from rocking motion or tilting of a carriage which always occurs at a particular 
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location). From a c^^ted speed, a corrected sensor position determined. The 

corrected position is then stored in the memory 102 to replace the previously stored 
value. This process is repeated for a number of vehicles, until the stored positions 
become stable. At that point, the positions are fixed, and the system can be put into 
5 operation. It will be appreciated that the processing unit 100 uses the corrected (virtual) 
sensor positions to introduce systematic error corrections into both the speed and 
acceleration measurements. Using this mechanism, an accuracy of better than 0.05% in 
the positioning of an illuminated image relative to a vehicle window can be achieved. 
Such a level of accuracy is desirable in order to avoid incorrect positioning of the 
1 0 viewed image or drift of the image. 



In a display system comprising a large number of images, it might be appropriate to 
divide the series of images into subgroups of successive images, e.g. a series of 192 
images may be subdivided into eight groups each of twenty four images. Each 

15 subgroup is controlled by a separate timing control unit 101. However, each timing 
control unit 101 receives speed and acceleration measurements from the same 
processing unit 100. The timing control units are chained together so that each unit 
receives a timing trigger signal from the previous timing control unit to commence the 
shifting of the train and image representations. This architecture is advantageous as it 

20 enables a display to be easily expanded to include further subgroups of images. 
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CLAIMS 



1. 



An image display system comprising: 



display means for displaying a series of images along the path of a vehicle; 
lighting for briefly illuminating individual images; 

a plurality of detectors located along the path of the vehicle and arranged to output 
timing signals as the vehicle passes; 

a memory for storing detector positions or relative positions; 

processing means for deriving from said timing signals and said stored positions the 
speed of the passing vehicle, the processing means being arranged to introduce a systematic 
correction into the derived speed on the basis of an analysis of outputs from the detectors 
for previously passing vehicles; and 

control means arranged to control the lighting to illuminate images successively as 
the vehicle passes, at illumination timings based on derived speed measurements. 

2. An image display system according to claim 1, wherein said stored detector 
positions are the true positions of the detectors modified on the basis of said analysis, 
wherein the modified positions provide said systematic correction of .the . speed 
measurement, 

3. An image display system according to claim 1 or 2, wherein the processing means is 
arranged to determine the acceleration of a passing vehicle from said timing signals, and to 
introduce a systematic correction into the derived acceleration, and the control means is 
arranged to control the lighting to illuminate images successively as the vehicle passes, at 
illumination timings based on derived speed and acceleration measurements. 

4. A method of calibrating an image display system comprising a series of images 
disposed along the path of a vehicle, lighting for briefly illuminating individual images, a 
plurality of detectors for detecting the passage of a vehicle along said path, and control 
means responsive to the outputs of said detectors and recorded positions of the detectors to 
control said lighting, the method comprising 

monitoring the outputs of said detectors during the passage of a plurality of 
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vehicles, and using th^fclts to adjust the recorded positions oi4fcietectors to calibrate 
the system. 



5. A method according to claim 4 and comprising determining vehicle speeds using 
the monitored detector outputs and the recorded positions, applying a statistical analysis to 
the determined speeds, and using the results to adjust the recorded positions. 

6. An image display system comprising: 

display means for displaying a series of images along the path of a vehicle; 
lighting for briefly illuminating individual images; 

a plurality of detectors arranged to output measurements of the speed of a passing 
vehicle; and 

control means arranged to control the lighting to illuminate images successively as 
the vehicle passes at illumination timings based on speed measurements from the plurality 
of detectors, 

wherein the control means is arranged to apply a systematic correction to the speed 
measurements from at least one detector. 



7. An image display system according to claim 6, wherein the control means is 
arranged to apply, in respect of each one of plural detectors, a respective systematic 
correction to all the speed measurements from that one of the plural detectors. 

8. An image display system according to claim 6 or 7, wherein the at least one detector 
is arranged to detect the time taken for the vehicle to travel a predetermined distance. 

9. An image display system according to any one of claims 6 to 8, wherein the control 
means is arranged to apply the respective systematic correction by multiplying the speed 
measurements from the one of the plural detectors by a respective correction factor. 

10. An image display system according to any one of claims 6 to 9, wherein: 

the detectors include a speed detector arranged to output speed measurements 
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substantially continuously and at least one timing detector arranged to measure the time for 
the vehicle to travel a predetermined distance; and 

the control means is arranged to apply a correction to the repeated speed 
measurements from the speed detector based on the output from the at least one timing 
detector. 

11. An image display system according to any one of claims 6 to 10, wherein said 
control means comprises processing means including a first unit arranged to process the 
repeated speed measurements to derive an estimate of the current speed of the vehicle and a 
second unit, operating asynchronously of said first unit, arranged to derive said illumination 
timings from the instantaneous estimate of the speed of the vehicle. 

12. An image display system comprising: 

display means for displaying a series of images along the path of a vehicle; 
lighting for briefly illuminating individual images; 

a speed detector arranged to output measurements of the speed of a passing vehicle 
continuously; 

at least one timing detector arranged to measure the time for a vehicle to travel a 
predetermined distance; and 

control means arranged to control the lighting to illuminate images successively as 
the vehicle passes at illumination timings based on speed measurements from the plurality 
of detectors, 

wherein the control means is arranged to calibrate the speed detector based on the 
output from the at least one timing detector. 

13. An image display system according to claim 12, wherein the speed detector is a 
Doppler speed detector. 

14. An image display system comprising: 

display means for displaying a series of images along the path of a vehicle; 
lighting for briefly illuminating individual images; 
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a plurality of d^pors located along the path of the vehid^kl arranged to output 
timing signals as the vehicle passes; 

processing means for deriving from said timing signals the speed of the passing 
vehicle; and 

control means arranged to control the lighting to illuminate images successively as 
the vehicle passes, at illumination timings based on derived speed measurements, 

wherein the processing means and the control means operate asynchronously of one 
another. 



15. An image display system according to claim 14 and comprising a plurality of said 
control means each arranged to control lighting associated with a corresponding subset of 
said images, the control means each receiving speed measurements from said processing 
means. 



16. An image display system according to claim 15, wherein the plurality of control 
means are chained together so that in use a given control means receives an illumination 
timing trigger signal from the preceding control means in the chain. 

17. An image display system comprising: 

display means for displaying a series of images along the path of a vehicle; 
lighting for briefly illuminating individual images; 

at least one detector arranged to output repeated measurements of the speed of a 
passing vehicle; and 

control means arranged to control the lighting to illuminate images successively as 
the vehicle passes at illumination timings based on the repeated speed measurements from 
the at least one detector, 

wherein the control means comprises processing means including a first system 
arranged to process the repeated speed measurements to produce an instantaneous estimate 
of the speed of the vehicle and a second system, operating asynchronously of said first 
system, arranged to derive said illumination timings from the instantaneous estimate of the 
speed of the vehicle. 
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(57) Ahstract: An image, display system comprising display means (3) for displaying a series of images (2) alone the path of u 
vehicle: lighting (19) for briefly illuminating individual images (2): a plurality of detectors (K.9> arranged to output measurements of 
the speed of a passing vehicle: and a control unit (ft) arranged 10 control (he lighting to illuminate images successively as the vehicle 
passes at illumination timings based on speed measurements from the plurality of detectors. The control 11 mi (61 is arranged to apply 
n systematic correction to the speed measurements from the detectors (N.9) based on a statistical analysis of the speed measurements 
from all the detectors (S.9), which can reduce drift and jitter. The control unit (6) includes a dynamics processing unit (50) arranged 
10 perform non-linear predictive filtering of ihe speed measurements to produce an instantaneous estimate of ihe vehicle speed. The 
control unit 1.6) also includes a liming generator (60) operating asynchronously of ihe dynamics processing unit (50) and arranged to 
derive the illumination timings from the instantaneous speed estimate. 
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